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Abstract 
The aim of this paper is to optimize the traffic flow on roundabouts using a macroscopic approach. The roundabout is 
modeled as a sequence of 2x2 junctions: with one mainline and secondary incoming and outgoing roads. We consider two cost 
functionals: the total travel time and the total waiting time, which give an estimate of the time spent by drivers on the network 
section. These cost functionals are minimized analytically for each junction with respect to the right of way parameter of the 
incoming road. Then, through numerical simulations, the traffic behavior is studied for the whole roundabout. The numerical 
approximations compare the traffic behavior for an optimized right of way parameter and for a fixed constant parameter. 
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1. Introduction 
The first macroscopic model of traffic flow is due to the work of Lighthill and Whitham (1955) and 
independently, of Richards (1956). They proposed a fluid dynamic model for traffic flow on a single infinite road, 
using a non-linear scalar hyperbolic partial differential equation (PDE). This is commonly referred to as the LWR 
model. More recently, several authors proposed models on networks that are able to describe the dynamics at 
intersections, see (Coclite, et al., 2005; Colombo et al., 2010; Garavello & Goatin, 2012, Delle Monache et al., 
2013) and references therein, and on roundabouts, see (Cascone et al., 2007; Cutolo et al., 2011). 
The aim of this paper is to optimize some cost functionals, such as the Total Travel Time (TTT) and the Total 
Waiting Time (TWT) through a suitable choice of the right of way parameter P for incoming roads. We consider 
the model introduced in (Delle Monache et al., 2013) and apply it to roundabouts.  Roundabouts can be seen as 
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particular road networks and they can be modeled as a concatenation of junctions. In this paper, we consider only 
roundabouts with three roads that can be modeled as a concatenation of 2x2 junctions with two incoming and two 
outgoing roads. In particular, each junction has one incoming mainline, one outgoing mainline and a third link 
with incoming and outgoing fluxes. The third road is modeled with a vertical buffer of infinite capacity for the 
entering flux and with an infinite sink for the exiting one. The mainline evolution is described by a scalar 
hyperbolic conservation law, whereas the buffer dynamics is described by an ordinary differential equation 
(ODE) which depends on the difference between the incoming and outgoing fluxes on the link. At each junction, 
the Riemann problem is uniquely solved using a right of way parameter, and solutions are constructed exactly via 
wave-front tracking method. Then, the cost functionals are computed  and optimized for a single 2x2 junction. 
Moreover, the traffic behavior for the whole roundabout is studied numerically. 
The article is structured as follows. In Section 2 we describe the junction model and its application to 
roundabouts, as well as the solution of the Riemann Problem. In Section 3 we describe the cost functionals and 
the optimization problem. Section 4 is devoted to numerical simulations. 
2. Mathematical model for the roundabout 
In this work we focus on a roundabout with 3 roads. A roundabout can be seen as an oriented graph in which 
roads are represented by the arcs and junctions by the vertexes. Each road is modeled by intervals ܫ ൌ ሾܽ௜ǡ ܾ௜ሿ ؿ
Թǡ ݅ ൌ ͳǡʹǡ ͵ǡ ܽ௜ ൏ ܾ௜with the possibility of either ܽ௜ ൌ െλ orܾ௜ ൌ ൅λ. In particular, in our case, each junction 
can be modeled as a 2x2 junction, see Fig. 1. To recover the behavior of the roundabout periodic boundary 
conditions are enforced on the mainline such that ܾ௜ ൌ ܽ௜ାଵǡ ݅ ൌ ͳǡʹǡ͵Ǥ  
Each junction is composed by a mainline ܫ modeled by the real line ሿ െ λǡ൅λሾ and by two links representing 
a lane with incoming flux (ܴͳ) and a lane with the outgoing flux (ܴʹ). The distribution of traffic at the junction is 
given by the model introduced in (Delle Monache et al., 2013). In this model, the evolution of traffic on each 
mainline segment is given by the LWR model: 
߲௧ߩ௜ ൅ ߲௫݂ሺߩ௜ሻ ൌ Ͳǡ ሺݐǡ ݔሻ א Թା ൈ ܫ௜ǡ ݅ ൌ ͳǡʹǡ͵ (1)
where ߩ௜ ൌ ߩ௜ሺݐǡ ݔሻ א ሾͲǡ ߩ௠௔௫ሿ is the mean traffic density, ߩ௠௔௫  is the maximal density allowed on the road and 
the flux function ݂ǣ ሾͲǡ ߩ௠௔௫ሿ ՜ Թା is given by the following flux-density relation 
Fig. 1. left, particular link, right, junction modeled
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݂ሺߩሻ ൌ ቐ
ߩݒ௙  Ͳ ൑ ߩ ൑ ߩ௖ǡ
݂௠௔௫
ߩ௠௔௫ െ ߩ௖ ሺߩ௠௔௫ െ ߩሻ  ߩ௖ ൑ ߩ ൑ ߩ௠௔௫ǡ
(2)
where ݒ௙ is the maximal free flow speed, ߩ௖ ൌ ௙
೘ೌೣ
௩೑
 the critical density and ݂௠௔௫ ൌ ݂ሺߩ௖ሻ the maximal flux 
value. Throughout the paper we will assume for simplicity that ɏ୫ୟ୶ ൌ ͳ and ୤ ൌ ͳ. 
On the incoming lane of the secondary road (ͳ) the dynamics is described by a vertical buffer of infinite 
capacity which can be modeled by the following ordinary differential equation (ODE) 
݈݀ሺݐሻ
݀ݐ ൌ ܨ௜௡ሺݐሻ െ ߛ௥ଵሺݐሻ (3)
where ݈ሺݐሻ א ሾͲǡ ൅λሻ is the queue length on the road and ܨ௜௡ሺݐሻǡ ߛ௥ଵሺݐሻ the fluxes that enters and exits the 
road respectively. This particular choice is taken to avoid backward moving shocks at the boundary, for details 
see (Delle Monache et al., 2013). The outgoing lane of the secondary road (ʹ) is treated as a sink of infinite 
capacity. 
The Cauchy problem to solve is then  
ۖە
۔
ۖۓ߲௧ߩ௜ ൅ ߲௫݂ሺߩ௜ሻ ൌ Ͳǡ ሺݐǡ ݔሻ א Թ
ା ൈ ܫ௜ǡ ݅ ൌ ͳǡʹǡ͵
ߩ௜ሺͲǡ ݔሻ ൌ ߩ௜ǡ଴ሺݔሻǡ ݔ א ܫ௜ǡ ݅ ൌ ͳǡʹǡ͵
݈݀ሺݐሻ
݀ݐ ൌ ܨ௜௡ሺݐሻ െ ߛ௥ଵሺݐሻǡݐ א Թ
ାǡ
݈ሺͲሻ ൌ ݈଴Ǥ
(4)
where ߩ௜ǡ଴ሺݔሻ  represent the initial conditions and ݈଴ א ሾͲǡ ൅λሻ  is the initial length of the buffer. This is 
coupled with an optimization problem at the junction which distributes the traffic among the roads. 
2.1. Junction problem 
Here we present the formulation of the junction problem for a 2x2 junction. 
For future use, we introduce the following map (see for details, Piccoli & Garavello, 2006): 
Definition 2.1 Let ߬ሺߩሻǣ ሾͲǡͳሿ ՜ ሾͲǡͳሿ be the map implicitely defined by ݂൫߬ሺߩሻ൯ ൌ ݂ሺߩሻ for every ߩ א ሾͲǡͳሿ
and ߬ሺߩሻ ് ߩ for every ߩ א ሾͲǡͳሿȀሼߩ௖ሽ.  
To define the junction problem we need to define the demands for the incoming lane ݀ሺܨ௜௡ǡ ݈ሻ and for the 
incoming mainline ߜሺߩଵሻ and the supply for the outgoing mainline ߪሺߩଶሻ: 
݀ሺܨ௜௡ǡ ݈ሻ ൌ ቊ
ߛ௥ଵ௠௔௫  ݈ሺݐሻ ൐ Ͳǡ
ሺܨ௜௡ ǡ ߛ௥ଵ௠௔௫ሻ  ݈ሺݐሻ ൌ Ͳǡ
(5.1) 
ߜሺߩଵሻ ൌ ൜݂ሺߩଵሻ  Ͳ ൑ ߩଵ ൑ ߩ௖ǡ݂௠௔௫  ߩ௖ ൑ ߩଵ ൑ ͳǡ
(5.2) 
ߪሺߩଶሻ ൌ ൜݂
௠௔௫  Ͳ ൑ ߩଶ ൑ ߩ௖ǡ
݂ሺߩଶሻ  ߩ௖ ൑ ߩଶ ൑ ͳǡ
(5.3) 
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where ߛ௥ଵ௠௔௫ is the maximal flux allowed on the incoming lane. We also introduce ߚ א ሾͲǡͳሿ, which is the split 
ratio of the outgoing lane and ߛ௥ଶሺݐሻ ൌ ߚ݂ሺߩଵሺݐǡ Ͳെሻሻ its flux. 
The traffic at the junction will be distributed according to the following rules (TD): 
• Mass conservation: ݂൫ߩଵሺݐǡ Ͳ െሻ൯ ൅ ߛ௥ଵሺݐሻ ൌ ݂ሺߩଶሺݐǡ Ͳ൅ሻሻ ൅ ߛ௥ଶሺݐሻ; 
• Maximization of the outgoing flux ݂ሺߩଶሺݐǡ Ͳ൅ሻሻǣ subject to mass conservation and  
݂ሺߩଶሺݐǡ Ͳ൅ሻሻ ൌ ሺሺͳ െ ߚሻߜሺߩଵሻ ൅ ݀ሺܨ௜௡ǡ ݈ሻǡ ߪሺߩଶሻሻǤ (6) 
Remark 1. A parameter P is introduced to ensure uniqueness of the solution. ܲ אሿͲǡͳሾ is a right of way 
parameter that defines the amount of fluxes that enters the outgoing mainline from each incoming roads.
2.2. Riemann Problem at the junction 
We recall briefly the construction of the Riemann Solver at the junction which satisfies the rules (TD) 
introduced in the previous subsection. We fix constants ߩଵǡ଴ߩଶǡ଴ א ሾͲǡͳሿ, ݈଴ א ሾͲǡ ൅λሻ, ܨ௜௡ א ሾͲǡ ൅λሻ, and a 
right of way parameter ܲ אሿͲǡͳሾ. The Riemann problem at the junction is the Cauchy problem (4) where the 
initial conditions are given by ߩ௜ǡ଴ሺݔሻ ؠ ߩ௜ǡ଴ in ܫ௜  for ݅ ൌ ͳǡʹ. We define the Riemann solver ࣭࣬ by means of a 
Riemann solver ࣭࣬௟ҧ that depends on the instantaneous load of the buffer ݈ ҧ. ࣭࣬௟ҧ is constructed in the following 
way: 
1. Define Ȟଵ ൌ ݂ሺߩଵሺݐǡ Ͳെሻሻ, Ȟଶ ൌ ݂ሺߩଶሺݐǡ Ͳ൅ሻሻ and Ȟ௥ଵ ൌ  ߛ௥ଵሺݐሻ; 
2. Consider the space ሺȞଵǡ Ȟ௥ଵሻ and the sets ࣩଵ ൌ ሾͲǡ ߜሺߩଵሻ] and ࣩ௥ଵ ൌ ሾͲǡ ݀൫ܨ௜௡ǡ ݈ ҧ൯]; 
3. Trace the lines ሺͳ െ ߚሻȞଵ ൅ Ȟ௥ଵ ൌ Ȟଶ and Ȟଵ ൌ ௉ଵି௉ Ȟ௥ଵ; 
4. Consider the region ȳ ൌ ሼሺȞଵǡ Ȟ௥ଵሻ א ࣩଵ ൈ ࣩ௥ଵǣ ሺͳ െ ߚሻȞଵ ൅ Ȟ௥ଵ א ሾͲǡ Ȟଶሿሽ. 
Different situations can occur depending on the value of Ȟଶǣ
• Demand limited case: Ȟଶ ൌ ሺͳ െ ߚሻߜሺߩଵሻ ൅ ݀൫ܨ௜௡ǡ ݈ ҧ൯. The optimal point Q is the point ൫Ȟ෠ଵǡ Ȟ෠௥ଵ൯
such that Ȟ෠ଵ ൌ ߜሺߩଵሻ, Ȟ෠௥ଵ ൌ ݀൫ܨ௜௡ǡ ݈ ҧ൯ and Ȟ෠ଶ ൌ ሺͳ െ ߚሻߜሺߩଵሻ ൅ ݀൫ܨ௜௡ǡ ݈ ҧ൯ǡ as illustrated in Figure 2, 
top-left. 
• Supply limited case: Ȟଶ ൌ ߪሺߩଶሻ. The optimal point Q is the point of intersection between the supply 
line and the right of way line. In particular, if ܳ א ȳ then ൫Ȟ෠ଵǡ Ȟ෠௥ଵ൯ ൌ ܳ and Ȟ෠ଶ ൌ Ȟଶ, see Figure 2 top-
right. Otherwise, if ܳ ב ȳ we set ൫Ȟ෠ଵǡ Ȟ෠௥ଵ൯ ൌ ܵ  and Ȟ෠ଶ ൌ Ȟଶ  where S is the point of the segment 
ȳځሺȞଵǡ Ȟ௥ଵሻǣ ሺͳ െ ߚሻȞଵ ൅ Ȟ௥ଵ ൌ Ȟଶ closest to the line Ȟଵ ൌ ௉ଵି௉ Ȟ௥ଵ, see Figure 2, bottom. 
Theorem 2.2. Consider a junction ܬ and fix a right of way parameter ܲ אሿͲǡͳሾ. For every  ߩଵǡ଴ߩଶǡ଴ א ሾͲǡͳሿ
and ݈଴ א ሾͲǡ ൅λሻ there exists a unique weak admissible solution ሺߩଵሺݐǡ ݔሻǡ ߩଶሺݐǡ ݔሻǡ ݈ሺݐሻሻ to (4) such that the rules 
(TD) are satisfied. Moreover, there exists a unique couple (ߩොଵǡ ߩොଶ)א ሾͲǡͳሿଶ  such that 
ɏොଵ ൌ ൜
ሼɏଵǡ଴ሽ ׫ሿɒሺɏଵǡ଴ሻǡͳሿ  Ͳ ൑ ɏଵǡ଴ ൑ ɏୡǡ
ሾɏୡǡ ͳሿ  ɏୡ ൑ ɏଵǡ଴ ൑ ͳǡ ሺɏොଵሻ ൌ Ȟ
෠ଵ (7.1) 
ɏොଶ ൌ ቊ
ሾͲǡ ɏୡሿ  Ͳ ൑ ɏଶǡ଴ ൑ ɏୡǡ
൛ɏଶǡ଴ൟ ׫ ሾͲǡ ɒሺɏଶǡ଴ ሻሾ  ɏୡ ൑ ɏଶǡ଴ ൑ ͳǡ ሺɏොଶሻ ൌ Ȟ
෠ଶ (7.2) 
and for the incoming road the solution is given by the wave ሺߩଵǡ଴ǡ ߩොଵሻ, while for the outgoing the solution is 
given by the wave ൫ߩොଶǡ ߩଶǡ଴൯Ǥ  Furthermore, for ܽǤ ݁Ǥ ݐ ൐ Ͳ it holds 
ሺߩଵሺݐǡ Ͳ െሻ,ߩଶሺݐǡ Ͳ ൅ሻሻ ൌ ࣬ ௟࣭ሺ௧ሻሺߩଵሺݐǡ Ͳ െሻ,ߩଶሺݐǡ Ͳ ൅ሻሻǤ
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For the proof we refer the reader to (Delle Monache et al., 2013). 
Fig. 2. Solutions of the Riemann problem at the junction: Demand limited case (top, left), Supply limited case: intersection inside (top, right), 
intersection outside (bottom). 
3. Optimization of a single junction 
In this section we introduce the cost functionals used to evaluate the network performance. Let us define the 
Total Travel Time (TTT) on the road network and the Total Waiting Time (TWT) on the incoming lanes of the 
secondary roads: 
ܶܶܶሺܶሻ ൌ න න ߩሺݐǡ ݔሻ
ூ೔
݀ݔ݀ݐ ൅ න ݈ሺݐሻ݀ݐ ൅ න ߩሺܶǡ ݔሻ݀ݔ
ூ೔
൅ ݈ሺܶሻ
்
଴
்
଴
(8.1) 
ܹܶܶሺܶሻ ൌ න ݈ሺݐሻ݀ݐ ൅ ݈ሺܶሻ
்
଴
(8.2) 
for ܶ ൐ Ͳ sufficiently big. 
Our aim is to minimize these cost functionals with respect to the right of way parameter P. Since the solutions 
of such optimization problems are difficult to compute analytically we focus on one particular junction. 
3.1. Cost functionals 
       Let us consider the particular case of the junction showed in Fig. 1 with ܫଵ ൌ ሾെͳǡ Ͳሿ and ܫଶ ൌ ሾͲǡ ͳሿ.  We 
suppose that the network and the buffer are empty at time ݐ ൌ Ͳ and we assume given the following boundary 
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data: ݂௜௡  is the inflow in the incoming mainline, ݂௢௨௧  is the outflow in the outgoing mainline and ܨ௜௡  the 
incoming flux of the secondary road. Moreover, we assume ܨ௜௡ ൑ ݂௠௔௫  and ܨ௜௡ ൑ ߛ௥ଵ௠௔௫Ǥ  The correspondent 
Riemann problem at the junction is demand limited. This means that up to a time ݐଵ ൌ ͳ the cost functionals do 
not depend on the right of way parameter. As we follow up in the construction of the solution of the initial-
boundary value problem, it appears clear that the cost functionals are dependent on the right of way parameter 
only if the Riemann problem at the junction is supply limited. Since the purpose of this work is to minimize the 
TTT and the TWT with respect with the right of way parameter, we will assume that: 
• ݂௠௔௫ ൑ ሺͳ െ ߚሻ݂௜௡ ൅ ܨ௜௡
• ܨ௜௡ ൐ ݂௢௨௧
In the case of supply limited solutions, we have Ȟଵ ൌ ௉ଵିఉ௉ ݂௠௔௫  and Ȟ௥ଵ ൌ
ଵି௉
ଵିఉ௉ ݂௠௔௫ . We consider the 
following conditions: 
A. Ȟ෨ଵ ൌ ௉ଵିఉ௉ ݂௠௔௫ ൏ ߜሺߩଵሻ ൌ ݂௜௡ ֞ ܲ ൑ ଶܲ ൌ
௙೔೙
௙೘ೌೣାఉ௙೔೙   
B. Ȟ෨௥ଵ ൌ ଵି௉ଵିఉ௉ ݂௠௔௫ ൏ ݀ሺܨ௜௡ǡ ݈ሻ ൌ ܨ௜௡ ֞ ܲ ൒ ଵܲ ൌ
ி೔೙ି௙೘ೌೣ
ఉி೔೙ି௙೘ೌೣ
It is straightforward to check that ଵܲ ൑ ଶܲ. For the detailed proof see (Obsu et al., 2013). 
The solutions of the Riemann problem at the junction are then: 
• If  ଵܲ ൑ ܲ ൑  ଶܲ then ሺ ௉ଵିఉ௉ ݂௠௔௫ǡ
ଵି௉
ଵିఉ௉ ݂௠௔௫ǡ ݂௠௔௫ሻ. 
• If ܲ ൒ ଶܲ then (݂௜௡ǡ ݂௠௔௫ െ ሺͳ െ ߚሻ݂௜௡ǡ ݂௠௔௫). 
• If ܲ ൑ ଵܲ then  ሺ௙
೘ೌೣିி೔೙
ଵିఉ ǡ ܨ௜௡ǡ ݂௠௔௫ሻ. 
We can now compute the value of the cost functions according to the value of the right of way parameters for 
each of the following cases: 
• ଵܲ ൑ ܲ ൑ ଶܲ
• ܲ ൑ ଵܲ
•  ൒ ଶ. 
We refer the reader to (Obsu et al., 2013) for the complete calculation and the full expression of the cost 
functionals. 
Fig. 3. Right of way parameter
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4. Numerical simulations 
In this section we consider the traffic regulation problem for a traffic circle as the one in Figure 4. 
We analyze the cost functionals introduced in the previous section. In particular, we want to compare the 
instantaneous optimal choice of the right of way parameter with a fixed constant parameter. 
We define a numerical grid in ሺͲǡ ܶሻ ൈ Թ using the following notation: 
• οݔ is the fixed grid space; 
• οݐ is time grid given by the CFL condition; 
• ൫ݐ௡ǡ ݔ௝൯ ൌ ሺ݊οݐǡ ݆οݔሻ for ݊ א Գ and ݆ א Է are the grid points. 
4.1. Roundabout topology and simulations characteristics
The roundabout will be represented in this way: 
• 4 roads from the circle: ܫଵǡ ܫଶǡ ܫଷǡ ܫସ with ܫଵ and ܫସ linked with periodic boundary conditions 
• 3 roads connect the roundabout with the rest of the network: 3 incoming lanes and 3 outgoing ones. 
From the topology it can be noted that all the junctions in the roundabout can be represented by a 2x2 junction 
for which it might be necessary to define a right of way parameter ܲǤ The results that we will show are obtained 
discretizing the LWR model with a Godunov (1959) scheme with space step ȟݔ ൌ ͲǤͲͳ  and the time step 
determined by the Courant-Friedrichs-Lewi (CFL) stability condition (Leveque, 1992). The Godunov scheme is a 
finite volume method that solves Riemann problems at cell interfaces given by the piecewise approximation of 
the initial data . Then compute cell averages in each computational cell and obtain the values at the next time 
step. The CFL condition is given by οݐ௡ܥ ൌ οݔ, where C is the Courant number. The ODE is discretized using 
an explicit Euler first order integration method. For more details on this, see (Delle Monache et al., 2013). 
Periodic boundary conditions are imposed on left and on the right of the computational domain. The road 
network is simulated in a time interval ሾͲǡ ܶሿ, where ܶ ൌ ͳͲǤ Moreover, we assume that at ݐ ൌ Ͳ all the roads and 
Fig. 4. Model of roundabout used for the numerical simulations
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the buffers are empty, ݂௜௡ ൌ ݂௢௨௧ ൌ Ͳ and ܨ௜௡ ് Ͳ. We consider the following parameters for each junction: 
ߚ ൌ ͲǤ͵ǡ ߩ௠௔௫ ൌ ͳǡ ݒ௙ ൌ ͳǡ ݂௠௔௫ ൌ ͲǤ͸͸ǡ ߩ௖ ൌ ͲǤ͸͸ǡ ߛ௥ଵ௠௔௫ ൌ ͲǤ͸ͷǤ
We consider six simulations cases each varying according to the value of the flux ܨ௜௡ and for each one we 
perform two simulations: 
A. Right of way parameter that optimize the cost functionals TTT and TWT. The analytical solutions of 
the complete optimization problem are really complicate, this is the reason why we compute the 
optimal value of the right of way parameter locally at each junction for each time step. At each time 
step the value of  ݂௜௡, ݂௢௨௧, ܨ௜௡ are computed as follows: 
• ݂௜௡ ൌ ߜሺߩ௜௡௖ሻ, 
• ݂௢௨௧ ൌ ߪሺߩ௢௨௧ሻ, 
• ܨ௜௡ ൌ ݀ሺܨ௜௡ǡ ݈ሻǤ
The optimal value of the priority parameter is then computed exactly (i.e. analytically as explained in 
Sec 3.1) at each time step for the corresponding input values. 
B. Fixed right of way parameter. In this type of simulations the priority parameter is chosen constant at 
the beginning of the simulations. The right of way parameter chosen is the same for all the junctions 
and is equal at 0.7.  

4.2. Simulations results 
We performed the simulation for the values of ܨ௜௡ given in Table 1. 
Table 1. Value of ܨ௜௡  
ܨ௜௡ 0.1 0.2 0.3 0.4 0.5 0.6 
In Figures 5-6 we show the simulations results. We plot the values of TTT and TWT as a function of the 
incoming flux ܨ௜௡ for the whole roundabout. A legend for every picture indicates the different simulations cases. 
Fig. 5. Total Waiting  Time
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4.3. Discussion of simulations results 
In both cases, the cost functionals computed with a fixed right of way parameter or with the optimal ones have 
a different behaviour only for those values of ܨ௜௡for which the problem is supply limited. We start to have an 
improvement of the performances for values of ܨ௜௡ ൌ ͲǤ͵. After this value, the TWT shows a greater benefit
from the optimal choice of P. This is due to the fact that we choose a fixed priority parameter P=0.7 that favors 
the mainline. Hence, if the goal is to minimize the TWT then the optimal choice will be further away from this 
value. On the other hand, for the TTT this incidence is less evident. 
5. Conclusions 
In this paper we consider the optimization of road traffic on roundabouts. The optimal control acts on the 
priority parameters, which assign right of way among incoming roads. Two cost functionals are introduced, 
measuring the total waiting time and total travel time. The lack of analytical results led us to seek for local optima 
for each single junction. The approach is tested on a simple roundabout with three incoming and three outgoing 
roads. Two different choices of parameters are considered: locally optimal and fixed. The local optima 
outperform the other for greater value of ܨ௜௡ǡ improving the performances of the network. Future work will 
include a validation of the model with real data on roundabouts. 
Fig. 6. Total Travel Time
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